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INTRODUCTION

This study considers the effect that firing the ovbiter PRCS jets has on
the baseline SAVE structure; the aim being to determise the approximate
limits of orbiter motion that can be tolerated by the structuve without
failure of 3 truss member,

ful
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c. The "T" section is oriented pervpendicular tn the orbit
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The truss members are graphite epoxy tubes with an outsids
ciameter of 0.0308 m and a wall thickness of 1.5 X 10%%=3 m.
The tubes have =z Young’s modulus of 2.7579 X 10%#1l nt/m%xk2 3
cross sectional area of Z2.33% X 10kk—4 mkv2, and a2 cdensity of
1605.4 ka k3,
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Tip Mass

16 Bay Main Truss

Utility Trays

Figure 1 - Baseline SAVE Configuration.



MODEL DESCRIPTICON

The MSC/NASTRAN finite element model which was used for this study consists
of the orbiter attachecd to the SAVE structure with all the features listed
in the previous section. The individual trus:z members were modeled with ROD
elements (axial stiffness only) with an assumed modal damping ratio of

172 %. The joints which connected the truss members were represented as 5.2
kg point masczes.

The orbiter was modeled as & riag.d body with all & vernier and 238 primary
Reaction Control System jets modeled at their corvect positions, with their
appropriate force magnitudes and dirsctions. Figure 2 ( taken from ref-
erence 2 ) chows the identification code and location and divection of ezch
jet.

The rigid body mass properties of the aorbiter, the SAVE structure, and the
SAVE structure attached to the orbiter are shown in table 1.

The orbiter and the SAVE structure were connected by linear springs 2t the
four points at the base of the main truss section. wo of the points arve
designated as "forward" connection points and two as "aft’, referring :o
their position in the paylcad bay. Each cornsetion foint had three springsg
or2 along the x—axis, onz along the y axis, and one szlong the z-axisz.
Figqure 3 shows the forward and aft connection points with the covresponding

axlie dirvrections.

The springs followed the usual linear sprirmg relstion @
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THRUSTER {D CODE FORMAT

DIRECTION OF
THRUSTER LOCATION THRUSTER PLUME
F = FWD MODULE XXX A= AFT {+X THRUST)
L = AFT LEFT F = FORE {-X THRUST)
A = AFT RIGHT L = LEFT (+Y THRUST)
PROPELLANT MANIFOLD R = RIGHT (-Y THRUST)

NUMBERS (1 through 5) U = UP (+Z THRUST)
D = DOWN (-Z THRUST)

AFT RIGHT 52
E—— SN
«
oo
R”? 7;\//'-'P1TCH 23

DIRECTION OF
THRUSTER PLUME

g DIRECTION OF
E VEHICLE MOTION

G = GROUP NO.

Figure 2 - RCS Jet Locations and Plume Directions.



TABLE 1 - Mass Properties of Orbiter and SAVE

Orbiter SAVE Orbiter with

SAVE attached

1.06757 X 10%*%5 4.26156 X 10%%*32

Mass (kg) 1.11019 X 10%%5

Ixx (kg-m%*2)
[ roll 1

1.3598 X 10%%6 3.46613 X 10%%5 1.20837 X 10%*7

Ivy (kg-mkxk2)
[ pitch ]

1.0167 X 10%%7 2.30281 X 10%%6 2.07272 X 10%*7

Izz (kg—-m**2) 1.0641 X 10%%x7 1.90303 X 10%*%5

[ vaw ]

1.08338 X 10%%7




Typical Longerons

Two Forward Connection Points ‘(
: ( | Two Aft Connection Points

Figure 3.- Forward and Aft Connection Points.



TABLE 2

= Connection Fixture Stiffnesses

Connection

Stiffness

(lO0%*%7 nt/m)

Connection

| |
| !

Points X | Y | Z
| I
| !

Forward 3.2 | 0.2 | 1.25
| |
] |

Aft 4.1 | 0.4 I 3.8
| |
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STUDY APPROACH

For a given shuttle maneuver there are five parameters which must bte
determined.

1. The set of RCS jets which are fired.
2. The number of pulsec that each jet fires.
3. The length of =ach pulse.
4., The frequency of each pulse.
5., Whether each jet iz fired indiwidually { with its own pulse
length, and frequency ) or all jets are fired accarding to
the same timing pattevn.
ideally, a study of this type would parzmetvically vary each of the abuve
parameters and determine a data point faor each permutation. Cleariy, the
scope of this study precludes that magnitude of dﬂd*yflig due to the ex-
cescive number of computer runs that would be required. Hiwever, there zre
some simple aszsumpticnsz thst can be made Which vyeducs the size of the prob-
lem but =till produce some meaningful, though incamplets, results,

The assumptions made for this study are as follows

1.

)

For = given maneuver, all jets were fired according to the same
timing pattern.

A zubset aof the complete problem was insestigsted by assuming
that as one parameter was varied, all other pavameters vema:ned
constant. For example, the set of FRCS jets which were fived was
varied while the pulze length, the number of pulses, ancd the
frequency of pulses wers held constant., Thus, 3 CUTVE Was gen-
erated which shows the relation between an output parameter {such
ac load in a member) versus the torgque creatscd by each set of
jete., Similar curves weve gensrated for variaztions of the ather
paramsters.,

Gnly a positive pitch mansuvey wai C = found FTrov
previous =tudy that both ithe pitch a 11 g e axatentially
produce member loads which exceed the aliowed ouckline lead.
However, since the PRIS jets do not procuce a pure roll moment,
it waz decided %o concentrate on motion in the pitch plane only.
Furthermare, =since the first natuval made of the SAVE structure (s
bending in the j = clesr that impulsive “oroes
such as thos procuce WoOUlc oraate greatey ve-
actions when executad.

To produce the pitch motion, a set of twalve jete was selected
which cenerasted a fairly pure pitch moment.
Fip L1U Rl F3R ;
Fab Lau R2u FSL { zee figure Z
F3D L4l R4U
F4D
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RESULTS

The results precented take the form of three curves.
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Figure 4 - One Pulse Forcing Function
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TABLE 3 - Maximum Compressive Member Loads produced by
a given Pulse Length

Pulse Length
{milliseconds)

Maximum Compressive Load in Truss Member
(nt)

— — i — — r— — — — - — — — —— — — — - — — —— —— — —— —— —— — ——

I
I
I
|
|

80 | 6.98279 X 10%%3
I
I

90 I 7.8200 X 104%3
I
I

100 | 8.6280 X 10%%3
I
!

110 | 9.4363 X 10%%*3
!
|

120 | 1.0253 X 10%%4
I
I

130 | 1.1065 X 10%*4
I
I

140 ! 1.1860 X 10%%4
I
| :

150 | 1.2668 X 10%%4
|

13
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Longeron Load -vs= Torque Produced

In this part of thes analyeie the number and location of PRIS jets that were
fired was varied to produce & range of input pitch torques. The aim here
was to determine the amount of torque fhdr could be telerated with a sinale
80 ms pulse, without causing a3 failure of & truss member.

Table 4 shows the jets that were fired in esach case, with the= torgue pro-
duced, and the corresponding maximum coempressive member load. Figure 6
showe the results plotted as load versus tovgue.

The result here is a generslly straisght lime, although it should Le noted
that when these cases were set up, the roll and vaw torgues were allowed to

be slightly different, For example, case #2 was set up by "turning off"
four of the jets that were fired in case #I, &an effort was made to =lim-
inate jets which produced opposite reactions, but it was not possible to
acssure that the net roll and paw torques vemained the same from ons case

to another, The result of this was & slight chance in the roll and pitch

motions from case to case, and hence 5 slight difference in the piich plane

reacticn.

Hhen the issue of truss member buckling is conside
figure 6 that by reducing the input tovgue, it is
level can be maintained. From thess recults, 3 =2 from the previou
section, 2 few simple interpclations can be performed to determine a com—
bhination of pulse length and input torgue that will maintsin an acceptable
member lcad level.

f—
cely that z sz7e
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Table 4 - Maximum Compressive Load produced by smaller

sets of RCS jets

| | |
Case # | Jet Identifiers | Total Pitch Torque | Max. Compressive

| | (¢ nt=m ) | Load (¢ nt )
| | !
I | |
| F1D R1U L1U FSR ! [

1 | F2ab R2U L2U FSL | 4.74338 X 10%*5 I 6.92790 X 10%%3
| F3D R4U L4U | |
| F4D I I
| I |
| ! !
| F3D R1U L1U | I

2 | F4D R2U L2U I 3.39874 X 10%%5 | 5.27024 X 10%%3
| R4U L4U [ i
] | |
i I |
| ! I
| R1IU L1U | |

3 | R2U L2U I 2.50614 X 10%%xS I 38.69267 X 10%%3
| R4U L4U | ]
| | |
i | ]
i i |
| I !

4 ] L4u FSR i 8.40777 X 10%%4 I 1.24778 X 10%%3
| R4U FS5L i |
| ! |
| i |
! ! |
I I !

S | FSR FS5L I 3.09560 X 10%%3 |  4.46930 X 10%*3
| | |
i | |
| | 1

16
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Member Load -vs- Pulse Frequency

The purpose of this sectionm of the study was to show, in & zimple manrer ,
the variation of respanse with the fregquency at which the RCS jetes were
fired. The procedure wss to evaluate four cases, in which five 80 ms
pulses of the 12 RCS je listed in section 5.0 were fired at various
frequenciszss, Figure shows this forcing function, where L is 80 ms, T is
4.74288 X 10%*S nt-m (3 before), and P is varied with gach case. In =ach
case, the maximum compressive load that was produced in a trucs member
after each pulse was determined.

~
W T et
(o301}

the value of the fundamentasl fre-

The choice of frequencies was based o
firet mode of the S8UVE =tructure i= bend—
£

quency of the SAVE structure. The fi
ing asbout the y-axis (pitch), with a erresponding natural frequency of
0.5588 Hz. The frequencies that were used for the four RCS firings were
one half, four thirds, and twice the nstural freguency 2z well as the
natural frequency itself. Table 5 shows the load produced after sach pulse
for each of ths four frequency valuss, and figure 2 showsz the came resulte
plotted.

m
c
u

Az expected, whsn the pulses occurred @t the natural frequency,
ponse built up because every oscillation of the structure wss s

by a pulse of the RCS jets. At half the natural frequency, svery other
oscillation was accentuated oy & pulse, but the TESpONSE wWas le

before, since the amplitude of each fon—accentuated oscillation was reduced
by dampirng. Conversely, in the cases where the frequency was 4.3 ard twice
the natural frequency, various oscillations of the structure were cancellad
by the pulses of the RS Jjets and the member loads were covrespondingly
small.

e rec—

In sach case, except where the pulse frequency was twice the natuvral freg-
uency, only two pulsec were required to exceed the buckling load. 1% SeEms,
then, that any closely spaced pulses, regardleszs of their frequercy, have
the potential to jecpardize the structuve. 0Of coursze, the number of RCS
jets could be reduced as before to lessen the danger of member fzilure.

18




Figure 7 - Five Pulse Forcing Function

Total
Torque
of T
jets ord |\ /77 /777 |\ /771 |\ /771
(nt-m) Ve /771 | /77 V\ /771 | /771
Yora | /77 V777 /7771 V777
Yood /7771 |\ 777 | /771 V\ /771
Yooa 17771 /771 /77 /77
Vool V\ /77| /77 /77 |\ /77
/77 |\ /771 | 777 /77 \ /77|
’77 | /77 ) /77 | /77 | /777
/77| /77 | /77 V777 17771
Yool | /777 /77 | /77) /77
’77) 1\ /77 |\ /77 | 777 /771
S | /77| /77 V777 /771
Vove /77 /77 777 1 /771
Vo oda | 777 | /77 | /77 ] |\ /77
yooa /77 1777 V777 V\ /77
777 {7771 1 /77 V\ /77 | /77
Vooa |77/ /7710 V777 1\ /77
£77 ] \//7] /77 ] |/ -7} |/ 77}
L P

Time (seconds)

T = Total torque produced by given set of PRCS jets
L = Length of pulse
P = Period of pulses ( P = 1/freq. )
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Table 5 - Maximum Compressive Load produced by varvying
the frequency of RCS jet pulses.

Maximum Compressive Load ( nt )

- — —— — e e m—— —— — — — — — o — O — — d—

|
|
|
| | ] |
I  1/2 Natural | Natural I 43 Natural | Twice Natural
Pulse | Frequency | Frequency | Frequency | Frequency
I (0.2794 Hz) | (0.3588 Hz) | (0.7431 Hz) | (1.1176 Hz)
| ! | |
| | | |
1 | 6.928 X 10%%3 | 6.928 X 10%%3 | £.928 X 10%%3 | 6.928 X 10%%3
] ] ! |
| | | |
2 | 1.204 X 104%%q | 1.285 X 10%%4 | 8.374 X 10%*x3 | 1.040 X 10%%3
] I I !
! | ] I
3 | 1.612 X 10%%4 | 1.792 X 10%%4 | 5.302 X 10%*%3 | 7.043 X 10%%*3
| | i !
! ! ! |
4 I = I 2.271 X 10%%4 | 2,095 X 10%%3 | 2.035 X 10¥%%3
| ] I |
I I | !
5 I e ] 2.680 X 10%%4 | 6.785 X 10%*3 | 6.988 X 10%%3
i | | |

20
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CONCLUSIONS
The results.presented in the preceding secticns indicate that it is pos—
sible to define & scenario for fiving the orbiter Primar ¥ Reaction Control

System (PRCS) jets which will not iepardize the structural integrity of an
sttached structure. In the particular case that was investigated by this
study, it iz clear that the SAVE structure would be able to withstand a
mederate amount of shuttle maneuvering if care was taken to determine
precise operational contraints. However, since the scope of this study was
sufficient only to establish a broad cutline of allowable orbiter motions,
more precise definition must be obtained. In particular, it would Se niznly
desirable to include a flexible model of the orbiter zs well =z a more
realiztic set of PRCS firing patterns and, of course, to becin a similar
investigation with actual space station truss sections.
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